Abstract. In the design and construction of building and engineering structures, it is of utmost importance to provide their reliability and safety. The use of FRP (Fiber Reinforced Polymers) bars as reinforcement of structural concrete elements could help reducing the typical defects of reinforced concrete and increase its strength parameters. In the paper the selected FRP bar characteristic properties are presented and advantages derived therefrom are specified. Furthermore, the most commonly used in construction types of FRP bars, depending on the raw material used during the production process are listed. In addition, the possibility of recycling of elements reinforced with FRP bars is presented and compared with traditional reinforced concrete (reinforced with steel bars). The production method of FRP bars (pultrusion) is shown. Moreover, the advantages and disadvantages of using this method are discussed.
Introduction
The most important requirements concerning building and engineering structures include ensuring reliability and safety. According to the applicable standard Eurocode (EN 1990 (EN : 2002 both these requirements should be provided not only during implementation, but duringthe whole time of existence of the structure. The reliability and safety of the structure are specified depending on its function and the place of its achievement. In accordance with the theory of limit states, during the assumed time of operation of the facility, and depending on its defined operating conditions, it is unacceptable to exceed the ultimate limit states (ULS) or serviceability limit states (SLS) (BASZKIEWICZ K., SELEJDAK J. 2014, BRÓZDA K., SELEJDAK J. 2015, RUNKIEWICZ L. 1999). At present, in the construction industry two structural materials dominate, namely steel and concrete. However, rapid advances in technology allows to introduce new structural solutions in the construction sector increasingly. Nowadays composite materials are an attractive alternative to traditional building materials. In the view of developments in the availability, those materials are used progressively. Composites are used not only as piece of equipment, but also as structural elements or internal reinforcement of concrete structures. Moreover, composite materials partially reduce the limitations of traditional structural materials, relating to the strength parameters or assembly difficulties (BASZKIEWICZ K., SELEJDAK J. 2015, SELEJDAK J., BRÓZDA K. 2016).
Composite materials as reinforcement in structuralconcrete elements
One of the ways of improving the strength parameters of structural concrete elements is the use of reinforcement in the tension zone. The resulting material (reinforced concrete) combines the advantages of its constituent materials. Steel is typical reinforcing material, used as rods (MADAJ A., WOŁOWSKI W. 2002).
The alternative solution for the traditional steel reinforcement, which solves many problems (e.g. resulting from the corrosion), are FRP (Fibre Reinforced Polymer) bars. Depending on the raw material used during the production process, there are four basic types of FRP bars (BASZKIEWICZ K., SELEJDAK J. Table 1 . Furthermore, utilization of those bars is far easier than that of traditional reinforced concrete, where before reuse it is necessary to separate the reinforcement from concrete.This extraction is important especially when the material is classified as hazardous waste (KLIMECKA-TATAR D. 2015). It is impossible to reuse the reinforced steel if polluted concrete is left. In the case of recycling concrete elements reinforced with FRP bars, it is possible to crush concrete with reinforcement -there is no need to extract the reinforcement from concrete (BRÓZDA K., SELEJDAK J. 2015, SELEJDAK J., BRÓZDA K. 2016).
Production process
A suitable production process of the composite materials, i.e. the proper connection between the resin matrix and fiber reinforcement, is a condition for obtaining the appropriate material properties. The special production process ensures total impregnation of the fibres and a very high degree of curing. In order to obtain the optimum strength parameters, the pultrusion method is used to produce FRP bars.
(BASZKIEWICZK., SELEJDAK J. 2015). The schematic of production process of FRP bars is shown in Fig. 1 . 
Characteristic properties Advantages
High tensile strength Tapes, which consist of a bundle of parallel fibers, are pre-bonded together by a sticky substance around the rovings. Next, expanded tape is placed in a tub filled with a thermosetting resin. Fiber bundles prepared in such a way are pulled through a special extruder to cut the ribs. When the element has the final shape, bar is coated and impregnated by synthetic resin. The production speed in this method reaches up to several tens of meters per hour (BASZKIEWICZ K., SELEJDAK J. 2015, JAREK B., KUBIK A. 2015).
In pultrusion method only straight bars are produced -there is no possibility of obtaining curved elements. For example, stirrups are produced by using a polypropylene pipe, which is filled with reinforcement (fibers) and matrix (resin). After obtaining desired shape, thermal curing follows. This method allows to obtain high strength parameters comparable to straight bars (BASZKIEWICZ K., SELEJDAK J. 2015).
Summary
It is necessary to ensure reliability and safety, during designing and realization building and engineering structures.The appropriate structural and material solutions are considered as early as at the design stage. Those solutions include reduction of dead load of the structure, while the large load capacity is maintained, or, furthermore, the parameters of the permissible load (capacity) are increased. In order to achieve increasing strength parameters of reinforced concrete it is possible to use FRP bars as reinforcement of structural concrete elements.
The FRP bars are characterized by very good properties and much easier recycling in comparison with traditional reinforced concrete. Good strength parameters result from the proper production methodpultrusion. High strength fibers are pulled out through closed chamber,where subsequently are impregnated with a synthetic resin.The pultrusion method is useful only in straight bars production.This method allows to obtain the best results in the production of highstrength materials used for reinforcement of concrete. Moreover, the production speed in pultrusion methodreaches up to tens of meters for one hour, which can lead to the dissemination of the method and falling prices of the finished product.
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